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Introduction {#sec005}
============

The wide spread roll-out of antiretroviral therapy (ART) has resulted in HIV-infected individuals living longer.\[[@pone.0185003.ref001]\] However, increased survival on ART has been associated with a rise in chronic co-morbidities such as cardiovascular, renal and metabolic diseases.\[[@pone.0185003.ref002]\] HIV infection is increasingly recognized as an independent cardiovascular risk factor, although these data are mainly from developed countries.\[[@pone.0185003.ref003]--[@pone.0185003.ref005]\] Age-related co-morbidities seem to occur at a younger age in HIV-infected patients and this accelerated aging may relate to: chronic ART usage, immune activation and inflammation ('inflamm- aging').\[[@pone.0185003.ref001],[@pone.0185003.ref003]\]

HIV infection is characterized by chronic immune dysregulation despite effective ART.\[[@pone.0185003.ref006]\] High sensitivity C-reactive protein (hsCRP) remains elevated in patients on ART, possibly signifying persistent immune and endothelial activation.\[[@pone.0185003.ref007]--[@pone.0185003.ref009]\] Levels of hsCRP, interleukin-6 (IL-6) and D-dimer have been shown to predict mortality in black South African HIV-infected patients on ART with preserved CD4+ counts.\[[@pone.0185003.ref010]\] Furthermore, hsCRP and IL-6 are considered to be potential biomarkers for assessing cardiovascular risk in both HIV-infected and uninfected patients.\[[@pone.0185003.ref008],[@pone.0185003.ref011],[@pone.0185003.ref012]\]

Other measures of cardiovascular risk include: pulse wave velocity (PWV), central aortic systolic pressure (CASP) and the absence of nocturnal dipping of blood pressure (BP) on 24 hour ambulatory BP monitoring (ABPM). An overnight drop in systolic BP of less than 10% of the daytime systolic BP is a marker of increased cardiovascular risk in hypertensive and normotensive individuals.\[[@pone.0185003.ref013]\] Studies have found that abnormal ABPM may be more common in HIV-infected individuals. However, these studies are largely confined to European cohorts.\[[@pone.0185003.ref014]\] Information is also scant on markers of vascular stiffness, PWV and CASP in sub-Saharan Africa. Mixed data exists on whether treated HIV infection is associated with increased PWV and CASP.\[[@pone.0185003.ref015]--[@pone.0185003.ref017]\]

Most studies suggest a greater prevalence of nocturnal non-dipping BP in HIV-uninfected African Americans compared to their white counterparts.\[[@pone.0185003.ref018],[@pone.0185003.ref019]\] However, ABPM patterns have been scarcely described in HIV-infected or uninfected black African populations. A South African study, comparing ABPM in black and Indian-ancestry medical students, revealed less nocturnal dipping and a higher left ventricular mass in the black students.\[[@pone.0185003.ref020]\] In the only other known ABPM study in black Africans, of 78 HIV status unknown Nigerian hypertensive subjects, mean age 53 ± 13 years and body mass index (BMI) 30.0kg/m^2^, non-dipping BP was seen in a high percentage of participants, 47.6% of males and 38.9% of females.\[[@pone.0185003.ref021]\]

A South African study previously reported a trend towards a higher frequency of non-dipping BP in HIV-infected (82%) compared to HIV-uninfected participants (53%) (*p* = 0.05, odds ratio = 3.56). In this pilot study the short- term use of ART did not restore nocturnal BP dipping.\[[@pone.0185003.ref022]\] This high prevalence of non-dipping BP may be explained by 'inflamm- aging', autonomic and baroreceptor dysfunction, poor sleep quality or social stressors.\[[@pone.0185003.ref014]\] Here we examine the long-term effect of ART on ABPM and vascular stiffness determined using CASP and PWV in a longitudinal cohort of HIV-infected patients on ART.

Methods {#sec006}
=======

Study population {#sec007}
----------------

Ethics approval was granted for the study by the University of Cape Town, Human Research Ethics Committee (HREC REF 397/2014). This study included: black South Africans, over 18 years old, who had received more than 5 years of ART and had participated in one of two previous 'MCHAART' (Metabolic Complications of Highly Active AntiRetroviral Therapy) studies. All participants were recruited from the Crossroads Community Health Centre, Cape Town. Approximately 1/3 formed part of a prospective, longitudinal study investigating the metabolic and neuropathic complications after starting ART in HIV-infected South Africans.\[[@pone.0185003.ref023],[@pone.0185003.ref024]\] The remaining 2/3 were from a similar, although cross-sectional, cohort of participants on first-line ART.\[[@pone.0185003.ref025]\] Participants were recruited telephonically, from August 2015- November 2016, and provided written informed consent. Exclusion criteria from entering the original MCHAART studies were as follows: known diabetes (prior to ART), acute opportunistic infection, abuse of alcohol or illicit substances, pregnancy or corticosteroid use and known liver or renal disease. For this study the same exclusion criteria were adhered to.

### Data collection {#sec008}

Study assessments were conducted over 2 consecutive days. Patient visits were commenced between 08h00-09h00 on both days. ABPM was set up by a trained nurse with an oscillometric device (SpaceLabs Medical Inc, WA, USA). The devices are callibrated and serviced annually and appropriately sized cuffs were used for each participant. BP and heart rate were recorded every 20 minutes during the day (06:00 to 22:00) and every 30 minutes at night (22:00 to 06:00). Participants were asked about hours slept and night shift work to ensure an accurate interpretation of results. Highly discrepant results were discarded, only \<10% of readings were unusable in each case. The AtCor Medical Sphygmocor device uses a standard brachial cuff, femoral artery cuff and a tonometer to non-invasively measure CASP and PWV.\[[@pone.0185003.ref026]\] After the patient had rested for 15 minutes, three readings were taken for each variable and the calculated average was used for analysis.

Each patient had the following blood tests: hsCRP, oral glucose tolerance test (OGTT), fasting lipogram, serum creatinine and uric acid. Autonomic dysfunction was determined on history using the Survey of Autonomic Symptoms (SAS)\[[@pone.0185003.ref027]\] and clinically using R-R interval change and orthostatic hypotension as described in the Ewing classic battery.\[[@pone.0185003.ref028]\] A full medical history including habits, co-morbid disease, pregancy, medication usage and ART history was taken. Patient height, weight and waist circumference were measured by one investigator. All patients were clinically examined by the same specialist physician (MB) to exclude any intercurrent illness.

The SAS is a well- validated tool to assess the presence and severity of autonomic symptoms.\[[@pone.0185003.ref027]\] This survey consists of 11 items in women and 12 in men. Each item is rated with an impact score ranging from 1 (least severe) to 5 (most severe) to determine the total impact score (TIS). In individuals younger than 65 years, a SAS total of more than 3 symptoms provide a greater than 90% specificity and 65% sensitivity in determining autonomic dysfunction, and a SAS TIS of more than 7 provides greater than 90% specificity and greater than 60% sensitivity in determining severe symptoms of autonomic dysfunction.\[[@pone.0185003.ref028]\]

A composite autonomic score (CAS) was used to assess autonomic dysfunction ([Fig 1](#pone.0185003.g001){ref-type="fig"}). The maximum score was 3 and comprised of: 1. R-R interval abnormality (0 = normal or 1 = abnormal) 2. Abnormal orthostatic hypotension (0 = normal or 1 = abnormal) and 3. Critical number of autonomic symptoms (i.e. 3 or less = 0; 4 or more = 1 or total impact score (TIS) \>7 = 1).

![Composite autonomic score.\
\*Survey of autonomic symptoms\[[@pone.0185003.ref027]\]. \*\*Total impact score\[[@pone.0185003.ref027]\].](pone.0185003.g001){#pone.0185003.g001}

### Statistical analysis {#sec009}

The data were entered into a Microsoft excel database before being exported to Stata (version 14.1, Stata Corp, College Station, Texas) for analysis, while graphical illustration of data was conducted in Prism software. Descriptive statistics and analyses were performed according to whether the variable was continuous or categorical. Depending on distribution of continuous data, variables were expressed as mean values ± standard deviation (SD) or median values with interquartile range (IQR), and compared using the Students t-test (normally distributed data) or Wilcoxon Rank Sum (non-normally distributed data). Categorical data were expressed as frequencies and percentages and compared using the χ^2^ test or Fisher exact test.

A log-binomial model was used to determine prevalent risk factors and associations for non-dipping BP. Univariate log-binomial modeling was used to explore associations and estimate unadjusted prevalence ratios for clinically relevant covariates. Covariates with suggestive association (p\<0.25) with the outcome and/or had significant clinical relevance were retained in multivariable model. Unadjusted and adjusted prevalence ratios were presented with 95% confidence intervals (CI), and a p\<0.05 was considered statistically significant where appropriate.

### Definitions {#sec010}

Viral suppression was assessed using the HIV research network definition of a viral load of \<400 cps/ml. This definition is used to eliminate most cases of apparent viremia caused by blips or assay variability.\[[@pone.0185003.ref029]\]

The American Heart Association and Centre for Disease Control classification of cardiovascular risk according to hsCRP level was used. A hsCRP of \>3mg/L represents high risk, 1-3mg/L intermediate risk and \<1 mg/L low risk.\[[@pone.0185003.ref030]\]

Estimated glomerular filtration rate (eGFR) was estimated using the CKD-EPI equation.\[[@pone.0185003.ref031]\] Normal renal function was defined as a GFR \>60mL/min per 1.73^2^. Microalbuminuria was defined as albumin excretion of 30--300μg/mg of creatinine in 2 spot samples taken on separate days.

Hypertension was defined as a SBP ≥140 mmHg or diastolic BP (DBP) ≥90 mmHg, in accordance with the 2014 South African hypertension guidelines.\[[@pone.0185003.ref032]\] Non-dipping BP was defined as a nocturnal reduction of SBP \<10% and a reverse dipper was defined as a nocturnal BP rise.\[[@pone.0185003.ref013]\] No large scale normative values for PWV and CASP are available for black South Africans.

The presence of 3 of 5 of the following risk factors constituted a diagnosis of the metabolic syndrome: triglycerides ≥1.7mmol/l, HDL \<1.0mmol/L in males and \<1.3mmol/L in females, elevated BP (as previously defined), waist circumference defined by African thresholds (≥94cm in males and ≥80cm in females) and an elevated fasting glucose (\>6.1mmol/L).\[[@pone.0185003.ref033]\] WHO criteria were used for classifying impaired glucose tolerance and diabetes based on an OGTT.\[[@pone.0185003.ref034]\]

Results {#sec011}
=======

Of the 92 potential participants, 10 were not contactable. Of the remaining 82 participants, 69 agreed to be tested although two were subsequently excluded from the analysis as one participant had defaulted ART and was abusing alcohol and the other had only been on ART for 2 years. Of the 67 remaining participants one patient defaulted the second day of testing and therefore only the medical history and anthropometry were obtained for this patient and not the 24hr ABPM and blood tests results.

Mean age was 42.2 years and 91% (n = 61) were female ([Table 1](#pone.0185003.t001){ref-type="table"}). Median duration on ART was 7.5 years and median CD4 count was 529.5cells/mm^3^ and 84% of participants were virally suppressed. More than 67% of the patients (n = 44) were classified as overweight (BMI \>25kg/m^2^) or obese (BMI \>30kg/m^2^).^(33)^ 80% (n = 48) of the women and 2 of 6 male participants had an increased waist circumference. Mean day systolic BP was 120mmHg (SD ± 17) and mean day diastolic BP was 78mmHg (SD ±13). The 10 smokers used less than 5 cigarettes per day.

10.1371/journal.pone.0185003.t001

###### Demographic, anthropometric and HIV-infection information.

![](pone.0185003.t001){#pone.0185003.t001g}

  Descriptive characteristics (n = 67)       
  ------------------------------------------ ----------------------
  **Age (years) mean ± SD**                  42.2 ± 8.6
  **BMI (kg/m^2^) mean ± SD**                
  **Men (n = 6)**                            22.6 ± 8.1
  **Women (n = 61)**                         27.6 ± 2.6
  **Smoking n(%)**                           10 (15)
  **Waist circumference (cm) mean ± SD**     
  **Men (n = 6)**                            87.7 ± 15.3
  **Women (n = 61)**                         92.3 ± 14.7
  **CD4 (cells/mm^3^) median (IQR)**         529.5 (372.0--686.5)
  **Duration on ART (years) median (IQR)**   7.5 (6--10)
  **Viral supression n(%)**                  56 (84)

A hsCRP \>3mg/L was measured in 45 (68%) of participants and 13 (19%) had a hsCRP between 1-3mg/L. Only 8 (12%) participants had hsCRP levels in the low risk category (\<1mg/L) ([Fig 2](#pone.0185003.g002){ref-type="fig"}). An elevated waist circumference was significantly correlated with increased hsCRP level (p = 0.011).

![hsCRP levels in study sample.\
\*Risk categories: \<1 low risk, 1--3 medium risk, \>3 high risk, Median value is represented by the horizontal line in each column. 5 data points not shown as outside axis limits (20mg/L). 2 of these samples had levels \>33.1mg/L, however due to variable assay ceiling reliability were captured as 34mg/L.](pone.0185003.g002){#pone.0185003.g002}

CAS results were quantified as follows: twenty six patients (39%) had a CAS of 0, twenty nine (43%) had a CAS of 1, six (9%) had a CAS of 2, five (7%) had a CAS of 3 and one patient didn't complete testing. Of the eleven cases with a CAS ≥2, 8 had a postural drop and 9 had RR interval abnormalities.

Thirteen patients (20%) had 3 or more features of the metabolic syndrome. There were 8 known hypertensives, 6 were on 1 antihypertensive agent and 2 were on 2 agents. Only 4/67 had dysglycaemia; one participant was known to have previously developed diabetes after ART initiation, 1 was newly diagnosed with diabetes and 2 with impaired glucose tolerance. Only 2 patients from the whole cohort had an abnormal eGFR and 5 had microalbuminuria. On 24 hour ABPM 65% (n = 43) of the patients were systolic BP non-dippers ([Fig 3](#pone.0185003.g003){ref-type="fig"}) and 1 of these patients was a reverse BP dipper. No significant differences in cardiovascular risk factors were found between BP dippers and non-dippers ([Table 2](#pone.0185003.t002){ref-type="table"}).

![Day and night systolic BP among dippers (n = 23) and non-dippers (n = 43).](pone.0185003.g003){#pone.0185003.g003}

10.1371/journal.pone.0185003.t002

###### Comparison of cardiovascular risk factors between BP dippers (n = 23) and non-dippers (n = 43).

![](pone.0185003.t002){#pone.0185003.t002g}

  Variable                                                        Dipper           Non- dipper      p value
  --------------------------------------------------------------- ---------------- ---------------- --------------------------------------------
  Age years, mean (±SD)                                           43.04 (8.85)     41.83 (8.56)     0.49[^○^](#t002fn002){ref-type="table-fn"}
  **BMI category, n(%)**                                                                            0.59[^◾^](#t002fn003){ref-type="table-fn"}
  **Normal weight**                                               10 (23)          13 (57)          
  **Overweight**                                                  7 (16)           15 (35)          
  **Obese**                                                       6 (14)           15 (35)          
  **Waist cm, mean (±SD)**                                        90.50 (15.35)    92.58 (14.50)    0.56[^○^](#t002fn002){ref-type="table-fn"}
  **SBP[\*](#t002fn001){ref-type="table-fn"} mmHg, mean (±SD)**   119.87 (23.27)   127.77 (18.12)   0.14[^○^](#t002fn002){ref-type="table-fn"}
  **DBP[\*](#t002fn001){ref-type="table-fn"} mmHg. mean (±SD)**   75.52 (15.69)    79.37 (13.56)    0.21[^○^](#t002fn002){ref-type="table-fn"}
  **CAS (autonomic dysfunction) Mean (±SD)**                      1.04 (0.93)      0.74 (0.85)      0.16[^○^](#t002fn002){ref-type="table-fn"}
  **Microalbuminuria**                                            1                4                0.73[^○^](#t002fn002){ref-type="table-fn"}
  CD4 cells/mm^3^, mdn (IQR)                                      569 (517--822)   480 (365--647)   0.13[^○^](#t002fn002){ref-type="table-fn"}
  **Viral suppression, n(%)**                                     19 (86.36)       35 (83.33)       1.00[^○^](#t002fn002){ref-type="table-fn"}
  hsCRP range, n(%)                                                                                 0.79[^◾^](#t002fn003){ref-type="table-fn"}
  \<1                                                             2 (9)            6 (14)           
  1--3                                                            4 (17)           9 (21)           
  \>3                                                             17 (74)          28 (65)          

\*Mean daytime pressures from ABP monitoring

^○^Two sample Wilcoxon rank-sum test

^◾^Fisher's exact test

No CASP standard values are available in black Africans. By comparison to normative values for PWV in a small, healthy urban South African cohort, with a similar mean BMI (23.9kg/m^2^ in males and 27.8kg/m^2^ in females), the majority of our sample (30--49 age group) had higher mean PWV values compared to age-matched values ([Table 3](#pone.0185003.t003){ref-type="table"}).\[[@pone.0185003.ref035]\]

10.1371/journal.pone.0185003.t003

###### Mean PWV (ms^-1^) in the South African (SA) black subpopulation: HIV-infected participants on ART compared to HIV-uninfected controls\[[@pone.0185003.ref035]\].

![](pone.0185003.t003){#pone.0185003.t003g}

  Age (years)   Shiburi *et al*, SA black controls \[[@pone.0185003.ref035]\] Mean (SD), (n)   Study sample, SA black HIV-ART Mean (SD), (n)
  ------------- ------------------------------------------------------------------------------ -----------------------------------------------
  **\<30**      5.0 (1.2), (84)                                                                5.6 (0.5), (7)
  **30--49**    6.2 (1.2), (52)                                                                6.8 (1.5), (47)
  **≥50**       7.6 (2.5), (23)                                                                7.5 (2.2), (11)

On univariate analysis only CD4 \<500 cells/mm^3^ was a statistically significant risk factor for non-dipping BP \[p = 0.04\] ([Table 4](#pone.0185003.t004){ref-type="table"}). Traditional risk factors for non-dipping BP such as obesity, autonomic dysfunction (as measured by CAS) and age were not significant. The association between a CD4 \<500cells/mm^3^ and non-dipping BP was not maintained in multivariate analysis after adjustment for age and waist circumference. There were no other significant associations observed in the multivariate analysis. CAS, despite p = 0.12, could not be included in the multivariate analysis as it prevented convergence of the model.

10.1371/journal.pone.0185003.t004

###### Unadjusted and adjusted PR for prevalent risk factors associated with non-dipping BP.

![](pone.0185003.t004){#pone.0185003.t004g}

  Variable                      [Univariate]{.ul}[\*](#t004fn001){ref-type="table-fn"}   [Multivariate]{.ul}[\*\*](#t004fn002){ref-type="table-fn"}                       
  ----------------------------- -------------------------------------------------------- ------------------------------------------------------------ ------------------- -------
  Age \>45 years                0.74 (0.50--1.11)                                        0.15                                                         0.85 (0.59--1.22)   0.38
  BMI                                                                                                                                                                     
  \>25kg/m^2^                   1.21 (0.76--1.91)                                        0.42                                                                             
  \>30kg/m^2^                   1.26 (0.81--1.98)                                        0.31                                                                             
  Waist circumference           1.40 (0.83--2.36)                                        0.20                                                         1.30 (0.81--2.10)   0.28
  Autonomic dysfunction (CAS)   0.48 (0.19--1.21)                                        0.12                                                         **-**               **-**
  CD4 \<500 cells/mm^3^         1.43 (1.02--1.99)                                        0.04                                                         1.31(0.94--1.81)    0.11
  Viral suppression             0.93 (0.59--1.45)                                        0.74                                                         \-                  \-
  Duration on ART               1.21 (0.73--2.01)                                        0.46                                                         \-                  \-
  PWV                           1.01 (0.90--1.13)                                        0.86                                                         **-**               **-**

\*Unadjusted prevalence ratios (PR) for clinically relevant risk factors for non-dipping BP

\*\*Variables with conservative p-value ≤0.25 retained in multivariable model to estimate adjusted PRs for factors associated with non-dipping BP

Discussion {#sec012}
==========

In this study of predominantly black females \<50 years old on ART for more than 5 years, we found that, despite high rates of viral suppression, there was evidence of inflammation and vascular stiffness. A non-dipping pattern on 24hr ABPM was prevalent and could not be accounted for by established risk factors such as autonomic dysfunction, increased waist circumference and older age. These observations support the phenomenon of accelerated aging influenced by chronic inflammation in HIV infection.

De Luca *et al*. noted an 8-fold increase in cardiovascular risk in HIV-infected patients on ART with hsCRP levels \>3.3 mg/L compared with those with levels \<0.9 mg/L regardless of viral suppression.\[[@pone.0185003.ref011]\] A hsCRP \>3.0mg/L was found in 69% of our cohort and was significantly associated with an increased waist circumference present in 80% of females. This would suggest an increase in cardiovascular risk in the majority of our cohort of young black females who traditionally are considered at a low risk for cardiovascular disease.

The prevalence of non-dipping BP was greater in our cohort than in a cohort of HIV-unknown, black Nigerian patients with more traditional risk factors for non-dipping BP (e.g. older age, more males) described by Isiguzo *et al*.\[[@pone.0185003.ref021]\] This suggests that non-traditional risk factors are contributory to the loss in diurnal BP variation in our black South African cohort. Our current prevalence of non-dipping BP was less than the 82% found in a smaller group of HIV-infected patients at baseline and after 6 months on ART.\[[@pone.0185003.ref022]\] The 82% non-dipping BP prevalence could possibly be explained by higher levels of inflammation expected with immune reconstitution (as this population was tested at ART initiation).\[[@pone.0185003.ref036]\] In addition, a larger percentage of the participants were male and smokers, both of which are risk factors for non-dipping BP.\[[@pone.0185003.ref018]\]

During a person's lifetime, as part of the aging process or as a consequence of hypertension, atherosclerosis, or other pathological processes, the aorta stiffens. The aortic PWV and CASP reflect central arterial stiffness. Substantial differences in central BP exist across different ethnic groups that cannot be explained by differences in conventional risk factors for cardiovascular disease.\[[@pone.0185003.ref037]\] Consequently, the CASP reading in our cohort ideally should be compared to a healthy, HIV-uninfected, age-matched black population. Unfortunately, no normative values in black Africans are available. Whereas, when compared to the small 'normal' black cohort of Shiburi *et al*\[[@pone.0185003.ref035]\], our HIV infected population had higher PWV readings suggesting greater aortic stiffness.

Although this cross-sectional design does not allow inference regarding causality, none of the traditional risk factors such as autonomic dysfunction and obesity were found to be associated with non-dipping BP. This finding is consistent with a systematic review and meta-analysis by Kent *et al*. on ABPM profiles in HIV.\[[@pone.0185003.ref019]\] Thus, HIV infection itself or other non- traditional potential risk factors for non-dipping BP such as: mood disorders, psychosocial stress and poor sleep quality need to be considered. Health care providers should consequently be attentive towards diagnosing psychosocial stressors and mood disorders, depression in particular, which are the most frequent psychiatric complication associated with HIV.\[[@pone.0185003.ref038]\]

The present study must be interpreted within the context of its limitations. The study cohort is relatively small and cross-sectional and a matched HIV-uninfected control group was lacking. 91% of the cohort was female, similar to other South African HIV infected cohorts\[[@pone.0185003.ref024],[@pone.0185003.ref025]\], possibly explained by the greater likelihood of African women to: seek and use health care, have greater knowledge about health, be compliant with their therapy and monitor the health of others as well as their own health.\[[@pone.0185003.ref039]\] Longitudinal observational data would be required to better determine causality for non-dipping BP in HIV populations. Although patients were asked about hours slept, their sleep quality and social stressors, which may be impacting on a loss of nocturnal BP dipping, were not explored. Due to the lack of accurate self- reporting the effect of the different ART regimens, on non-dipping BP, was not investigated.

Conclusion {#sec013}
==========

Our well, predominantly female and younger than middle age (\<50 years), cohort of HIV-infected black South Africans had evidence of: obesity, vascular stiffness, non-dipping BP and high levels of inflammation. Cumulatively, these factors suggest an increased cardiovascular risk despite adequate viral suppression. These data need confirmation in larger samples and the impact on cardiovascular outcomes requires longitudinal studies. In the interim, it would be crucial to intensively screen for and address cardiovascular risk factors in HIV infected patients on ART.

Supporting information {#sec014}
======================

###### Data set.

(PDF)
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Click here for additional data file.
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